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Introduction

Consider an acoustic pressure field which excites a homogenous panel. Assume that the
pressure field has random incidence upon the panel.

As an example, a satellite is mounted inside of alaunch vehicle nosecone fairing. The
satellite's solar panels must withstand the liftoff acoustic field. The fairing attenuates a
great deal of thisenergy. Nevertheless, a portion of the acoustical energy is transmitted
to the satellite.

The purpose of thisreport is to derive a relationship between the acoustic pressure and
the pand vibration response.

Critical Freguency

The critical frequency isthe frequency at which the airborne acoustic wavelength

matches the panel bending wavelength. The critical frequency f ¢ for a homogeneous
pand is

C2
1.8C_h

fo » D

where
C isthe speed of sound in the surrounding air medium

CL isthelongitudinal wave velocity
h isthe panel thickness

Equation (1) istaken from Reference 1, chapter 6, equation (56a).



Panedl Veocity Response to Acoustic Pressure

Let VRwms be the velocity root-mean-square.
Let PR\ s be the pressure root-mean-square.

The velocity and pressure are related by the following semi-empirical equation.
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Equation (2) is taken from Reference 1, chapter 8.
Note that each term in equation (2) is a function of frequency.
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where
f is the excitation frequency
m isthe mass per area
C isthe speed of sound in the surrounding air
r is the mass per volume of the surrounding air

Cs is the phase speed of the bending waves in the panel
h isthe loss factor

Equation (3) istaken from Reference 1, chapter 8, section c for frequencies below the
critical frequency.

Equation (3) is derived from Reference 1, chapter 8, section d, equations (101) through
(103) for frequencies above the critical frequency.

Note that the phase speed Cg and the loss factor h each vary with frequency.



Panel Phase Speed

Consider a pane with thickness h and a longitudinal wave velocity of C.. The
longitudinal velocity is a constant for a given material. The phase speed is

Cg » /18 C|hf (4)

Equation (4) is taken from Reference 1, chapter 3.

Mass Law

Equation (2) essentially follows the "mass law" below the critical frequency. A doubling
of either the mass density or the frequency causes the velocity to decrease to one-half its
value, which isequivalent to a6 dB drop.

Equation (2) is complicated above the critical frequency due to the variation of the phase
speed and |l oss factor with frequency.

L oss Factor

Theloss factor h isan empirical parameter. Theloss factor is assumed to be due mainly
to acoustic radiation above the critical frequency.

A mean loss factor curve for aluminum panelsis shown in Figure 1. The frequency scale
isnormalized in terms of the critical frequency. The panels were suspended from a frame
by éastic cords such that the boundary conditions were essentially free around the
perimeter. The data was taken from two panels. One pandl was 1/4 inch thick. The
other was 1/2 inch thick. Each panel was 4.0 by 6.5 feet.

The datain Figure 1 is thus approximate data for a particular material, geometry, and
boundary condition case. Loss factor measurements on a particular structure of interest
must thus be taken in order to accurately use the calculation methods in this report.
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Power Spectrum Format

Acoustic pressure fields are typically represented in one-third octave band power spectra.

Let V pg bethe velocity power spectrum.
Let P pg be the pressure power spectrum.

Equation (2) can be modified as follows
[Ves|=b|Pes| ©)

The acceleration is often of greater interest than velocity for structural vibration.

Let A pg bethe acceleration power spectrum.

[A ps]= bl20f]2 [Pps] ©)

Reference Data

The parameter r cis caled the "characteristic impedance." The valuesfor air are shown

in Table1l. The speed of sound for gases and solid isgiven in Tables 2 and 3,
respectively.

Table 1. Characteristic Impedance r ¢
Impedance Impedance
Gas and Temperature (Paxgd m) (1bf xs/ ft3)
Airat0° C 428 2.73
Airat 20° C 415 2.64




Table 2. Gasesat apressure of 1 atmosphere
Gases Molecular Temperature Density Ratio of Speed of
Mass (°C) (kg/m3) Specific Sound
(kg/lkgmole) Heats (m/sec)
Air 28.97 0 1.293 1.402 332
Air 28.97 20 121 1.402 343
Oxygen ( O5) 32.00 0 1.43 1.40 317
Steam - 100 0.60 - 404.8
Table3. Solids
Speed of Sound
(m/sec)
Solid Density Elastic Shear Poisson’s
(kgm°) | Modulus Modulus Ratio Bar Bulk
(Pa) (Pa)
Aluminum 2700 7.0 (10™) 2.4(10™) 0.33 5100 6300
Brass 8500 | 104 (10" 3.8(10) 0.37 3500 4700
Copper 8900 | 122 (10" 4.4(10") 0.35 3700 5000
Sted 7700 | 195(10™) 8.3 (10™) 0.28 5050 6100
lce 920 - - - 3200
Glass (Pyrex) 2300 6.2 (10™) 25 (10™) 0.24 5200 5600
Reference

1. L. Cremer and M. Heckl, Structure-Borne Sound, Springer-Verlag, New Y ork, 1988.




